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Baryogenesis, through the decays of heavy bosons, was considered to be one of the major successes
of the grand unified theories (GUTs). It was then realized that the sphaleron processes erased any
baryon asymmetry from the GUT-baryogenesis at a later stage. In this paper, we discuss the idea
of resurrecting GUT-baryogenesis [1] in a large class of SO(10) GUTs. Our analysis shows that fast
lepton number violating but baryon number conserving processes can partially wash out the GUT-
baryogenesis produced lepton and/or baryon asymmetry associated with or without the sphaleron
and/or Yukawa interactions.
One of the major triumphs of the GUTs is to natu-
rally explain the observed matter-antimatter asymmetry
[2] in the universe. In the GUT-baryogenesis [3] scenario,
the quark-lepton unification provides the required baryon
number violation, the gauge and Yukawa couplings con-
tain the required CP phases and also satisfy the out-of-
equilibrium condition near the scale of grand unification.
Thus the three conditions [4] for baryogenesis are all sat-
isfied and a baryon asymmetry could be produced.
It was then pointed out [5] that there is a SU(2)L global
anomaly in the standard model (SM), where the baryon
number (B) and the lepton number (L) are violated by
equal amount, so that their difference B − L is still con-
served. Since anomalies are quantum processes that de-
stroys classical symmetries of any theory, this anomaly
induced anomalous B + L violating process will be sup-
pressed by quantum tunneling probability at zero tem-
perature. But at finite temperature this process becomes
fast in the presence of an instanton-like solution, the
sphaleron [6]. During the period [7],
100GeV ∼ TEW < T < Tsph ∼ 10
12GeV , (1)
this sphaleron induced B+L violating process will be too
fast, and hence, it will wash out any primordial B + L
asymmetry. However, it will not affect any primordial
B − L asymmetry and will partially transfer a B − L
asymmetry to a baryon asymmetry.
Note that B − L is a global symmetry in the SU(5)
GUTs, while it is a local symmetry in the SO(10) or E6
GUTs. Thus the baryon and lepton asymmetry gener-
ated in these theories at the GUT scale (before the B−L
symmetry breaking) conserves B − L and, in fact, only
a B + L asymmetry is generated in all the GUTs. This
B + L asymmetry would then be depleted exponentially
by the sphaleron transitions before the electroweak sym-
metry breaking, and hence, the GUT-baryogenesis fails
to explain why there are more matter compared to anti-
matter in the universe.
To solve this problem of GUT-baryogenesis, many
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newer mechanisms have been proposed. The most pop-
ular one is called leptogenesis [8], in which the lepton
number violation required for the neutrino masses gen-
erates a lepton asymmetry at some intermediate symme-
try breaking scale, which is then converted to a baryon
asymmetry in the presence of the sphalerons before the
electroweak phase transition. In this case the B+L asym-
metry generated by the GUT-baryogenesis is washed out
by the sphaleron transitions before the leptogenesis be-
gins. Recently, the resurrecting GUT-baryogenesis [1]
was proposed. In this scenario, the lepton number viola-
tion starts before the sphaleron transitions begin, so that
the produced B+L asymmetry in the GUT-baryogenesis
is converted to a B−L asymmetry, which then generates
the required baryon asymmetry in the presence of the
sphalerons.
In this paper, we discuss the idea of resurrecting GUT-
baryogenesis in the SO(10) GUTs. Our general analysis
shows that in several versions of SO(10) GUTs, it is pos-
sible to generate the matter-antimatter asymmetry of the
universe from GUT-baryogenesis. Unlike the leptogenesis
scenarios there is no necessity for the lepton number vi-
olating interactions to generate a lepton asymmetry. We
start with the trivial case, when the SO(10) GUTs breaks
down to SU(3)c×SU(2)L×U(1)Y at the GUT scale. In
this case B−L is broken at the GUT scale and hence the
asymmetry generated by the decays of the heavy bosons
is aB−L asymmetry, and hence the sphaleron transitions
will not deplete it. However, such single stage symmetry
breaking SO(10) GUT scenario will have all the problems
of the SU(5) GUTs, like the gauge coupling unification,
fermion mass relations, strong CP problem and neutrino
masses. So, we shall exclude this possibility from the
rest of our discussions. We shall now present a popu-
lar version of the SO(10) GUTs with conventional Higgs
scalars and point out how the GUT-baryogenesis in this
model can explain the matter-antimatter asymmetry of
the universe without any added ingredients. This mech-
anism can be applied to other versions of SO(10) GUTs,
but we shall not include them in our present discussion.
We start with an SO(10) GUT with the following sym-
2metry breaking pattern:
SO(10)
MG−→ SU(4)c × SU(2)L × SU(2)R
MX−→ SU(3)c × SU(2)L × SU(2)R × U(1)B−L
MB−L
−→ SU(3)c × SU(2)L × U(1)Y
mW−→ SU(3)c × U(1)em . (2)
The unification of the gauge coupling constants con-
strains the left-right symmetry breaking scale to be
greater than 1013GeV.
In the present case we shall consider the following
Higgs scalars for the left-right and electroweak symmetry
breaking:
∆L≡(1,3,1,−2),∆R≡(1,1,3,−2), Φ≡(1,2,2, 0). (3)
The left-right symmetry will be broken at the scale
MB−L by the vacuum expectation value (vev) 〈∆R〉. The
left-right symmetry will ensure M
∆L
= M
∆R
≡ M
∆
∼
〈∆R〉. The bi-doublet Higgs can be looked on as a com-
bination of two SU(2)L doublets in the SM, one denoted
by φ corresponding to the SM Higgs doublet having vev
〈φ〉 ≃ 174GeV, while the other denoted by φ′ having zero
vev. The vev 〈∆L〉 is determined by the minimization of
the scalar potential and it is highly suppressed,
〈∆L〉 = α
〈φ〉2
〈∆R〉
, (4)
where α is some combination of couplings entering in the
scalar potential.
For simplicity, we only write down the following
Yukawa couplings and scalar interaction that are rele-
vant for the rest of our discussions:
L ⊃ −
1
2
fLij ℓLi i τ2∆L ℓ
c
Lj
−
1
2
fRij ℓRi i τ2∆R ℓ
c
Rj
− y1ij ℓLi Φ1 ℓRj − y2ij ℓLi Φ2 ℓRj
− γij Tr
(
∆†R Φj ∆LΦ
†
i
)
+ h.c. , (5)
where ℓL ≡ (1,2,1,−1) and ℓR ≡ (1,1,2,−1) are the
leptons, Φ1 ≡ Φ and Φ2 ≡ τ2Φ
∗τ2. After the left-right
symmetry is broken by 〈∆R〉, we deduce
L ⊃ −
1
2
fLij ℓLi i τ2∆L ℓ
c
Lj
− µφT i τ2∆L φ
− yij ℓLi φ νRj −
1
2
MRi νRi ν
c
Ri
+ h.c. , (6)
with µ ∼ 〈∆R〉, MR = fR〈∆R〉. Here we have conve-
niently chosen the basis, under which the Majorana mass
matrix MR is diagonal and real. It is straightforward to
see the second term violates the left-handed lepton num-
ber and the last term violates the right-handed lepton
number by two units.
We now mention the general conditions that allows
the GUT-baryogenesis to explain the matter-antimatter
asymmetry of the universe:
Condition 1 : Without going into the details of symme-
try breaking at the GUT scale, we assume that a baryon
asymmetry is generated at this scale MG ∼ 10
16GeV
through the decays of some heavy bosons. Since B − L
is a local symmetry below the GUT scale, the generated
asymmetry is an B+L asymmetry, which is expected in
any GUT-baryogenesis.
Condition 2 : We demand that after the left-right sym-
metry is broken, there will be fast lepton number violat-
ing interactions, but there are no fast baryon number
violating interactions. This is true for most of the mod-
els. As discussed previously, the vev 〈∆R〉 that breaks
U(1)B−L will lead to the breaking of the lepton and
baryon number. But since the baryon number viola-
tion by two units requires higher dimensional operators,
these processes are never fast. For example, the simplest
dimension-9 operator is of the form qqqqqq, which corre-
sponds to three quarks going into three antiquarks. But
this process can never be in equilibrium since the proba-
bility of three quarks coming at a point is strongly phase
space suppressed and then this dimension-9 process is
also suppressed by five powers of the heavy left-right sym-
metry breaking mass scale. Thus, although 〈∆R〉 breaks
both baryon and lepton numbers, only lepton number
violation can be fast.
Condition 3 : Before the baryon and lepton asymmetry
is completely erased, the lepton number violating inter-
actions will go out of equilibrium. The sphaleron process
directly affects the left-handed fermions, but can also act
on the right-handed fermions if it is associated with the
fast Yukawa interactions. In other words we need to con-
sider both left-handed and right-handed fermions for the
decoupling of the lepton number violating interactions,
so that the existing asymmetry is not washed out by the
sphaleron process.
We then give a general analysis in a class of SO(10)
GUTs, in which the GUT-baryogenesis continues to work
and the produced B + L asymmetry is not completely
wiped out by the sphaleron process. The different cases
can be classified by the decoupling temperatures for the
left-handed lepton number (LL) and right-handed lepton
number (LR) violating interactions TL and TR.
• For TL > MB−L and TR > Tsph, the LR asymmetry
is washed out before the sphaleron transitions, leaving
the B+LL asymmetry from the GUT-baryogenesis. This
B + LL asymmetry gives a non-zero B − L, which then
survives the sphaleron process.
• Similarly, when TR > MB−L and TL > Tsph, the
B+LR asymmetry remains unaffected and contribute to
a B − L asymmetry.
• When the LL and LR violating interactions are
both in equilibrium before the sphaleron process be-
comes operational, only the B asymmetry from the GUT-
baryogenesis survives and contributes to a B − L asym-
metry, which then get converted to a baryon asymmetry.
• If the LR violating interactions remain out of equi-
librium, the LR asymmetry may survive even after the
B + LL asymmetry is erased by the joint sphaleron and
3Yukawa interactions as long as the Yukawa interactions
are not fast enough to relate the number densities of the
left- and right-handed leptons at this stage. This LR
asymmetry can be related to the LL asymmetry after
the Yukawa interactions become effective and then can
be converted to a baryon asymmetry.
For the purpose of demonstration, we consider a hi-
erarchal case, where M
∆,R > MB−L ∼ MWR . Here
MWR = g〈∆R〉 is the mass of the charged right-handed
gauge boson with g being the SU(2) gauge coupling.
Therefore, ∆L and νR have decoupled as the B−L sym-
metry is broken. We thus integrate out the heavy left-
handed triplet Higgs and right-handed neutrinos from
Eq. (6) and then obtain a dimension-5 operator,
OL = −
1
2
hij ℓLi φφ
T ℓcLj + h.c. (7)
with h = −y
1
MR
yT −
µ∗
M2
∆
fL. Obviously, this operator
will give the neutrinos a small Majorana mass matrix,
mν = h〈φ〉
2 [9] after the electroweak symmetry breaking.
Note that the interaction (7) only breaks the left-handed
lepton number. We can also obtain a LR violating oper-
ator by integrating out the right-handed neutrinos from
the kinetic terms of the right-handed leptons, for exam-
ple,
OR = − gij eRi W
−
R W
−
R e
c
Rj
+ h.c. (8)
with
gij =
1
2
g2 Vik
1
MRk
V Tkj =
1
2
g2
1
M˜Rij
, (9)
where V is the orthogonal matrix diagonalizing the Ma-
jorana mass matrix of the right-handed neutrinos. Since
MWR ∼ MB−L, the induced LR violating processes
whose details depend on the specific models will only
remain effective for very short interval of time and hence
will not have a significant effect on the GUT-baryogenesis
produced baryon and lepton asymmetry.
For the left-handed lepton number violating processes,
ℓLiφ
∗ ↔ ℓcLjφ and ℓLiℓLj ↔ φφ, the reaction rate should
be [10]
Γ 6LL =
1
π3
T 3
∣∣hij∣∣2 = 1π3
T 3
∣∣∣mνij
∣∣∣2
〈φ〉4
. (10)
Comparing this reaction rate to the expansion rate of the
universe,
H =
(
8 π3 g∗
90
) 1
2 T 2
M
Pl
(11)
with g∗ = O(100) andMPl ≃ 1.22×10
19GeV, we obtain,
TL
>
∼
(
22 π9 g∗
45
) 1
2 〈φ〉4
M
Pl
∣∣∣mνij
∣∣∣2
∼
(
0.1 eV
mν
)2
× 3.9 × 1012GeV . (12)
The right-handed leptons will be related to the left-
handed ones when their Yukawa interactions are in equi-
librium. The rate of a scattering process between the SM
left- and right-handed fermions, Higgs and W bosons,
ψLφ↔ ψRW
−, is
ΓY ∼ αWλ
2T (13)
with αW = g
2/(4π) being the weak coupling constant
and λ being the Yukawa couplings. Hence the Yukawa
interactions of electron, muon and tau leptons will keep
in equilibrium below the temperatures,
Te
<
∼ 10
4GeV , Tµ
<
∼ 10
10GeV , Tτ
<
∼ 10
12GeV . (14)
For illustration, let us consider a representative set of
values for the mass scales: MB−L ∼ O(10
14GeV) and
mν = O(0.1 eV). The LL violating interactions will
decouple at TL >∼ 10
12GeV. In this case the GUT-
baryogenesis generated a B + L asymmetry at the GUT
scale MG. Below the B − L breaking scale MB−L,
the LL violating interactions are in equilibrium, but the
sphaleron and Yukawa processes have not yet started. So,
although the LL asymmetry is depleted, the B and LR
asymmetry are not altered. But since TL > Tsph ∼ Tτ ,
when the sphaleron process starts, the LL violating in-
teractions will no longer be effective. Thus the B + LR
asymmetry generated by the GUT-baryogenesis will sur-
vive. In consequence, a non-zero B − L asymmetry will
get converted to a baryon asymmetry before the elec-
troweak phase transition and then give us the required
matter-antimatter asymmetry.
We now discuss the possibility that the GUT-
baryogenesis and leptogenesis both contribute to the gen-
eration of the matter-antimatter asymmetry of the uni-
verse. We consider two types of LL violating interactions:
(a) the LL violating processes (7) mediated by the left-
handed triplet Higgs ∆L; (b) the LL violating decays of
N = νR + ν
c
R to the left-handed leptons. For the proper
parameter choice, we have the flexibility to keep the (a)
processes in equilibrium before the sphaleron action be-
comes effective. Thus, the GUT-baryogenesis produced
B+LR asymmetry will survive. Subsequently, the N can
decay to generate a LL asymmetry above the tempera-
ture Tsph ∼ Tτ . When the sphaleron interactions become
effective, there will be no other lepton number violating
interactions, so the residual B + LR + LL asymmetry,
where B and LR both come from the GUT-baryogenesis
while LL comes from the leptogenesis, will get converted
4to a B − L asymmetry. This B − L asymmetry can give
us a desired baryon asymmetry through the sphaleron
process.
In this paper, we discuss the resurrecting GUT-
baryogenesis in the SO(10) GUTs. We did not attempt
to present any specific model, instead we restrict our-
selves to making general statements comparing the am-
plitudes of different processes with the expansion rate of
the universe. Since the parameter range for the differ-
ent possibilities are not too flexible, in a realistic model
one should solve the Boltzmann equation to get the ex-
act numerical estimates of the asymmetry. Our analysis
shows that in a class of SO(10) GUTs, after the B + L
asymmetry is produced by the decays of heavy bosons,
there are fast lepton number violating but baryon num-
ber conserving interactions, which can partially wash out
the existing lepton and/or baryon asymmetry associated
with or without the sphaleron action and/or Yukawa in-
teractions. Thus a B − L asymmetry can be generated
from the GUT B+L asymmetry. Subsequently, thisB−L
asymmetry gets converted to a baryon asymmetry in the
presence of the sphalerons before the electroweak sym-
metry breaking, which is consistent with the observed
matter-antimatter asymmetry of the universe.
[1] M. Fukugita and T. Yanagida, Phys. Rev. Lett. 89,
131602 (2002).
[2] Particle Data Group, W.M. Yao et al., Journal of Physics
G 33, 1 (2006).
[3] M. Yoshimura, Phys. Rev. Lett. 41, 281 (1978); S. Di-
mopulos and L. Susskind, Phys. Rev. D 18, 4500 (1978);
D. Toussaint, S.B. Treiman, F. Wilczek, and A. Zee,
Phys. Rev. D 19, 1036 (1979); S. Weinberg, Phys. Rev.
Lett. 42, 850 (1979);
[4] A.D. Sakharov, JETP Lett. 5, 24 (1967).
[5] G. t’Hooft, Phys. Rev. Lett. 37, 8 (1976); Phys. Rev. D
14, 3432 (1976).
[6] V.A. Kuzmin, V.A. Rubakov, and M.E. Shaposhnikov,
Phys. Lett. B 155, 36 (1985).
[7] G.D. Moore, arXiv:hep-ph/0009161.
[8] M. Fukugita and T. Yanagida, Phys. Lett. B 174, 45
(1986).
[9] P. Minkowski, Phys. Lett. B 67, 421 (1977); T. Yanagida,
in Proc. of the Workshop on Unified Theory and the
Baryon Number of the Universe, ed. O. Sawada and A.
Sugamoto (KEK, Tsukuba, 1979), p. 95; M. Gell-Mann,
P. Ramond, and R. Slansky, in Supergravity, ed. F. van
Nieuwenhuizen and D. Freedman (North Holland, Ams-
terdam, 1979), p. 315; S.L. Glashow, in Quarks and Lep-
tons, ed. M. Le´vy et al. (Plenum, New York, 1980), p.
707; R.N. Mohapatra and G. Senjanovic´, Phys. Rev. Lett.
44, 912 (1980); J. Schechter and J.W.F. Valle, Phys. Rev.
D 22, 2227 (1980).
[10] M. Fukugita and T. Yanagida, Phys. Rev. D 42, 1285
(1990).
